I. INTRODUCTION
The U.S. Department of Energy (DOE) is projecting the need for increased capacity to analyze mixed (radiological and hazardous) waste samples [l] . Many of these analyses will involve the determination of toxic metals. The U.S. Environmental Protection Agency (EPA) generally prescribes using graphite h a c e atomic absorption spectrophotometry (GFAAS) for toxic metals when inductively coupled plasma-atomic emission spectroscopy (ICP-AES) does not offer sufficient sensitivity [2] . Such toxic metals include As, Pb, Se, and Tl but can also include Sb and Ag if the ICP-AES detection limits are not sufficiently low. Use of GFAAS is also advantageous in working with mixed wastes in that smaller quantities of sample can be used.
Graphite fiunace atomic absorption spectrophotometers are typically configured with ventilation (see Fig. 1 ) to capture potentially toxic and corrosive gases emitted from the vaporization of sample aliquots (typically 20 pL). When radioactive elements are present, additional concerns, such as meeting safety guidelines and ALARA principles, must be addressed.
This report describes a modification to a GFAAS that provides additional containment of vaporized sample aliquots. The modification is a containment attachment for a Perkin-Elmer Model 5000 atomic absorption spectrophotometer with Zeeman background correction and an ~ HGA-400 graphite furnace and AS-40 auto-sampler. With minor modification, this attachment could be applied to any Perkin-Elmer Model 5000 or 5 100 atomic absorption spectrophotometer. This design could be applied to other GFAAS instrumentation.
We calculated the level of allowed radioactivity of 239Pu in a given sample for the modified system under specified conditions. These calculations took into account requirements for work with radioactive materials as described by the Argonne National Laboratory [3]. Also,
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performance of the modified GFAAS was monitored to assure that no compromise in operating conditions had occurred. Parameters such as light throughput, measurement reproducibility, and calibration curve linearity were considered.
CONTAINMENT APPARATUS DESIGN
A Perkin-Elmer Model 5000 atomic absorption spectrophotometer w i t h Zeeman background correction and an HGA-400 graphite furnace and AS-40 auto-sampler was modified with a containment apparatus that allows analysis of low level radioactive samples. A schematic of the apparatus is shown in Fig. 2 . The containment apparatus is constructed from 1/4 in. thick Plexiglas, according to the design specifications illustrated in Fig. 2 , and encloses the furnace and the auto-sampler. The top front is equipped with a sliding door, which may be adjusted to control the air flow, similar to the functioning of a conventional hood. This door allows access to the samples and furnace components when necessary. Rails are bolted to the top edges of the left and right side panels to hold the sliding door. Figure 3 illustrates the rail construction. The top panel includes a hole (see A in Fig. 2 ) to allow for attachment of the containment housing to the ventilation duct. The air from the containment apparatus is HEPA filtered. The bottom panel contains a cut-out (see C in Fig. 2 ) to allow space for the instrument electrical cable and drainage hoses. The panels are connected by tapping into the ends of the Plexiglas. The panels are attached with screws. The containment apparatus is attached to the instrument by placing screws through the left and top panels into holes drilled in the instrument panels. Additional support brackets are attached to the laboratory bench and used to take some of the weight of the attachment off the instrument panels. Before this support was placed under the attachment, a reduction in light throughput was observed, as determined by the energy level from a lead electrodeless discharge lamp (EDL) before and after the attachment was installed. The energy level could be returned to the original value by lifting on the front of the attachment. Installing the brackets on the bench, to support the attachment, returned the energy level (and hence the light throughput) to the original value. Figure 4 shows the completed modification.
Note that the positioning of the ventilation duct restricted the opening of the sliding door to six inches. This allows sufficient access to the auto-sampler and limited access to the furnace work head. The furnace work head can be more easily accessed by removing the rails and sliding door. A design modification (e.g., changing the angle on the duct that enters the attachment) could allow the sliding door to be opened to about twelve inches without removing the rails and sliding door.
RESULTS AND DISCUSSION

A.
Determination of Values of fa and fr that might be used in the containment equation include the following:
1 for benchtop work 1 for volatiles For a typical 200 mL sample Eq. 3 reduces to a maximum allowed activity (9):
C.
Examde Calculation
We calculated that the maximum allowed activity of 239Pu in a sample that can be analyzed by GFAAS both after and before the addition of the containment modification. The maximum allowed activity after the modification was calculated from Eq. 4. The CDAC for 239Pu is 3 x modification.
pCi/cm3 [4, 5] . This gives a maximum allowed activity of 27 mCi after the Before the modification, fal was 1 and the resonance time in the room was about twice as long, or two minutes for the vaporized sample. Given these assumptions, Eq. 3 becomes:
Term (equation number)
This equation yields 350 pCi as the maximum allowed activity before the modification. Thus, containment modification increases the allowed activity by a factor of 80.
Comparing Eqs. 3 and 5 shows a significant change in exposure for both the vaporized sample injection and the sample in the containment apparatus. Note that several of the terms in Eqs. 3 and 5 are based on conservative estimates because better estimates are not available (Table 1 ). The net effect of these conservative estimates is to lower the estimated exposure both before and after the modification, but more so before the modification. Most of the vaporized sample is estimated to go up the vent; therefore, the escape fraction is less than one.
Why the Estimate is Conservative
The samples are placed in an auto-sampler that is covered; therefore, the escape fraction is less than 0.01.
D. Determination of Instrument Performance
Experiments were performed to determine whether the containment apparatus significantly changes the performance of the instrument.
Once the modification was attached and connected with the house ventilation system, several observations were made. First, there was no compromise in the energy throughput of the system. A preliminary concern was that the added weight on the instrument might upset the optical alignment. A change in this alignment would reduce the light throughput from the source, thus increasing the noise and affecting the detection limit. Bench support brackets prevented changes in the optical alignment. Second, the air flow was at least 120 linear feet per minute (fpm) [36.5 linear meters per minute (mpm)], as measured at the opening on the bottom of the box (see Fig. 2 ). With the sliding door completely closed, the air flow was actually measured at 140 fpm (42.6 mpm). According to Argonne National Laboratory regulations, the air flow must be at least 120 fpm (36.5 mpm) in a hood, when analysts are working with radioactive materials. A damper in the ventilation duct allows for control of the ventilation through the duct. This was set so that the air flow was 300 f!pm (91.4 mpm) at the point where the duct is connected to the modification. The change in air flow through the furnace area could affect heating of the graphite tube or the residence time of the analyte in the tube. These changes could manifest themselves in the form of poorer measurement reproducibility and sensitivity, or nonlinear calibration curves.
The detection limits and the standard deviation of measurements were determined with lead standards. Before the modification, a three point calibration (5, 25 , and 50 ppb) was completed, along with the analysis of a lead ( 5 ppb) standard. The average standard deviation was determined by repetitive analysis of the 5 ppb standard. Determining the detection limit involved measuring seven replicates of a 5 ppb standard, with the absorbance corrected for an average blank absorbance. Three times the standard deviation of the seven replicates gives an estimate of the detection limit; the actual detection limit is an average of three estimates measured on nonconsecutive days. This estimate was performed twice to compare the results with the measured limit.
After the containment box was attached, the performance of the GFAAS was again assessed under safe operating conditions (the sliding door completely closed). Once we determined that the instrument was in good working condition and had obtained consistent calibrations, the detection limit was determined as described previously. To assess the instrument performance, we compared the detection limit determinations, as well as standard deviation data, to the analyses before the modification.
Calibration curves and detection limits were used to compare the performance of the GFAAS instrument before and after the modification. Calibration curves often indicate if there is a problem w i t h an analysis and are routinely run to assess instrument conditions. For purposes of this project, the calibration curve is useful in assessing problems that might occur as a function of concentration, such as heating or furnace air-flow problems or changes. An acceptable correlation coefficient is 0.995. Correlation coefficients on the order of 0.9997 were obtained both before and after the modification.
Detection limit measurements are also useful in that they provide a measure of both reproducibility and sensitivity. The results from the detection limit determinations are given in 
IV. CONCLUSION
The work presented here describes a containment attachment for a Perkin-Elmer Model 5000 atomic absorption spectrophotometer with Zeeman background correction and an HGA-400 graphite furnace and AS-40 auto-sampler. With minor modification this attachment could be applied to any Perkin-Elmer Model 5000 or 5 100 atomic absorption spectrophotometer.
Conceptually, this design could be applied to other GFAAS instrumentation.
This attachment was designed specifically for radiological containment. Its use allows analysis of more radioactive samples, or permits the analysis of higher levels of radioactive samples, or results in lower exposures of radioactive material to the analyst. This attachment could also be used in other applications where greater containment is desired. One potential application is the analysis of biological samples, where it might be desired to reduce the odor associated with the charring of biological materials.
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